Complications are common in hospitalized surgical patients. Provider error contributes to a significant proportion of these complications.
A RECENT Institute of Medicine (IOM) report has suggested that as many as 98000 patients die annually in the United States as a result of medical error. 1 This report has been criticized because of its reliance on retrospective review of medical records by outside reviewers several years after the hospital admissions. [2] [3] [4] Some 5, 6 have suggested that the report significantly overestimates the rate of medical error. Most literature reporting complication rates does not differentiate complications due to medical error from those due to patient disease.
This work was undertaken to determine the incidence of complications in surgical patients at our institution and to ascertain the proportion of these that re-sult from medical error. To do this, we used a prospectively designed method to concurrently screen all surgical patients for explicit complications.
We hypothesized that some of the complications occurring in surgical patients are due to medical error. We further hypothesized that by separating complications into disease related (unavoidable) and provider related (avoidable) and by determining factors contributing to errors, it would be possible to identify areas for improvement in surgical care. come, between 96.3% and 100.0% ( Table 2) . Overall, 98% of 4743 surgical inpatients, operative or nonoperative, were captured in the SATS database. Of these 4658 patients, 925 (20%) had 1495 complications, for a total complication rate of 32.1%. Of these complications, 98.7% were adjudicated.
The percentage of patients with complications varied between services from 17% to 25% ( Table 3 ). There was more variability in the total complication rate (26.9%-42.4%) ( Table 3) . Patients admitted to the vascular surgery service were most likely to develop complications, most likely to develop multiple complications, and most likely to die. Of 169 possible complications, there were 94 different complications reported. The 10 most common complications and their incidence overall are reported in Table 4 .
The complication rates for the different types of surgical patients were compared with appropriate criterion standards. The outcome for the subset of 519 trauma patients on the combined general surgery and trauma service during the study was compared with expected outcomes for Injury Severity Score-matched patients using the Trauma Related Injury Severity Score methods. 9 There were 48 deaths predicted during the study period and 29 observed (z=−4.39), indicating a significantly better outcome than predicted. Although our M score of 0.87 limits the strength of this inference, there is nothing to suggest that our trauma patient outcomes are worse than at other level I trauma centers.
The outcomes for the patients on the 4 surgical services were compared with the UHC database to permit comparison with approximately 75% of US university hospitals. During the study period, our length of stay, percentage of patients admitted to the intensive care unit, intensive care unit length of stay, 30-day readmission rates, complication rates, and mortality rates were not statistically different from those of the other university hospitals participating in the UHC database. 8 According to the UHC database, our total complication rate for these 4 services during the study period was 21.1% vs 18.7% for the remainder of the UHC database. This is much lower than the 31.7% total complication rate detected by our method, although 209 of our complications (a 4.5% total complication rate) were detected in the posthospital period, which would decrease our total complication rate at hospital discharge to 27%. At admission, each patient had a data sheet initiated by the house staff (data available from the authors). The patient was assessed daily for complications chosen from a service-specific list. At hospital discharge, the data were entered into the Surgical Activity Tracking System (SATS) database. This database contains patient demographics, a unique identifier for the patient admission, and information about complications that occurred. To capture all surgical patients, the SATS database was cross-referenced with 2 additional databases: the hospital discharge database, to identify those patients admitted to a surgeon; and the billing database, to identify all patients (inpatient or outpatient) undergoing a surgical procedure. Any patients missing from the SATS database were thereby identified, and a data entry sheet was forwarded to the appropriate service for completion.
PATIENTS AND METHODS
For all patients with complications, a second data sheet was generated (available from the authors), which was then completed by the attending surgeon in collaboration with his or her peers. The complication was evaluated for duration of sequelae (temporary or permanent), severity (major or minor), causation, and mitigating or extenuating factors. Complications were considered major if they caused or prolonged hospitalization, required an invasive procedure to treat, or resulted in a change of functional status. The same complication could be considered major in one patient and minor in another. For example, cellulitis of the leg that required hospital admission, intravenous antibiotics, and immobilization following a varicose vein excision would be considered a major complication. On the other hand, a patient who had experienced multiple trauma who is intubated, bedridden, and already receiving appropriate antibiotics for other indications would sustain little additional impact from leg cellulitis, and the complication would be considered to have minor sequelae.
Complications were deemed avoidable when there were deficiencies in care as assessed by the surgeon's own peer The cardiothoracic surgery service is a contributing member of the Northern New England Cardiovascular Disease Study Group, which is a multicenter study group that monitors risk-adjusted mortality rates for each of its 9 centers. This group has published aggregate data indicating better outcomes than previously published. 10 During the study period, the risk-adjusted morbidity and mortality rates for the patients admitted to the cardiothoracic surgery group at our institution were not statistically different from those of the other hospitals in the group (Bruce Leavitt, FACS, unpublished data, 2001).
The IOM report suggested raw complication rates for hospitalized patients of 2.9% to 3.7%. 1 Our patient complication rates are 4 to 6 times higher than this. The reasons for this difference are as follows.
For the entire cohort, 46% of the complications were assessed as minor, and 49% of these were felt to be avoidable, although the rates varied by service ( Table 5 ). The most common cause of an avoidable minor complication was technical error ( Table 5) .
For the entire cohort, 52% of the complications were assessed as major. Of these, 49% were judged to be avoidable. The most frequent cause of an avoidable major complication was technical error (68% overall) ( Table 6) .
Deaths in each group were classified as either avoidable or unavoidable ( Table 7) . Preventable and potentially preventable deaths were combined under the avoid- group. An example would be a patient with a pulmonary embolus (PE) who the surgical peer group believed had sufficient risk of PE to warrant prophylaxis, had no contraindication to prophylaxis, but did not receive prophylaxis. The PE would be considered an avoidable complication. A discussion of the factors contributing to the error (failure to provide prophylaxis) would lead to the selection of the cause, such as error in judgment or policy or process. If the patient received appropriate prophylaxis but developed a PE, the complication would be considered unavoidable and attributed to patient disease. Some complications were considered provider related and, therefore, arbitrarily considered avoidable. Examples of this type of complication are as follows: (1) pneumothorax or hemothorax related to central catheter placement, (2) infections related to central and peripheral catheters, (3) urinary tract infections in patients with instrumentation of the urinary tract, (4) superficial wound infections when the skin is closed primarily, (5) wound dehiscence or hernia recurrence, (6) unplanned peripheral nerve injury from surgery, (7) unplanned endotracheal extubations requiring reintubation, (8) postoperative surgical hemorrhage, (9) failure of surgical anastomoses, (10) infected graft or mesh in elective cases, (11) wrong site surgery, and (12) unplanned return to surgery. To facilitate uniform classification of complications, complex cases were discussed weekly at the morbidity and mortality conference and the attribution of causation was reviewed. All deaths were reviewed in detail at the weekly morbidity and mortality conference, with input from the surgical department attending physicians. Deaths were evaluated as preventable, nonpreventable, or potentially preventable using the method of Shackford et al 7 ( Table 1) .
The SATS database was checked for completeness of all patient records. All complications that had not been adjudicated were returned to the appropriate team for review and assessment.
We used 4 independent criterion standards to compare our surgical patient outcomes with those of other institutions. First, we compared our data with the 2 large population-based studies 2,4 referred to in the IOM report. We also compared our outcome data with those of the University HealthSystem Consortium (UHC) Clinical Database. 8 The UHC includes 181 full and associate member hospitals that comprise approximately 75% of all US university hospitals. Member hospitals provide International Classification of Diseases, Ninth Revision, discharge data that include complications detected by the medical record abstractors at hospital discharge. We compared the outcomes of our trauma patient population with those of trauma patients at other level I trauma centers using the Trauma Related Injury Severity Score method. 9 Finally, we compared the outcome of our cardiac surgery patients with the Northern New England Cardiovascular Disease Study Group data. 10 Differences between group means were compared using the t test for continuous variables and the 2 test for proportions. Infrequent occurrences were compared using a Poisson distribution.
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COMMENT
Although our outcomes compare favorably with those from studies used as criterion standards, our method differs in several important respects. The large, retrospective, population-based studies 2,4 that form the basis of the IOM report are expensive and time-consuming and rely on retrospective review by a team of outside reviewers. They provide a single "snapshot" of complication rates from an earlier period. Our method is performed internally and provides current complication rates for surgical patients at a single institution. It is a much less expensive and more sustainable method that allows us to track complication rates over time for surgical divisions and individual surgeons. Unlike data that are based solely on International Classification of Diseases, Ninth Revision, discharge codes, this method uses peer review to separate complications into minor or major and avoidable or unavoidable and to identify causal factors. Because the process is integrated with weekly morbidity and mortality conferences, it promotes a culture of continu-ous quality improvement, facilitates the development of quality improvement initiatives, and provides a forum for continuing medical education on quality assurance (QA).
A direct comparison with 3 of the 4 criterion standards (Trauma Related Injury Severity Score, UHC data, and Northern New England Cardiovascular Disease Study Group data) indicates that the performance of our surgical services is equal to or better than that of the peer group of hospitals. However, the complication rates observed in our surgical patients are considerably higher than those reported by the IOM. 1 There are several reasons for this. First, the 2 studies that formed the basis of the IOM report were not confined to surgical patients. In both of these studies, 2,4 the rates of complications in surgical patients were much higher than in the overall group. Brennan et al 2 reported a mean±SD adverse event rate of 7.0%±0.5% for patients undergoing general surgery, 10.8% ± 2.4% for patients undergoing cardiothoracic surgery, and 16.1%±3.0% for patients undergoing vascular surgery. Second, both studies used a more narrow definition of complication, defining an adverse event as "an injury caused by medical management (rather than the disease process) that resulted in either a prolonged hospital stay or disability at discharge." 4(p262) This corresponds to our subset of major complications. Their patients included those with both avoidable and unavoidable adverse events. For instance, a postoperative patient with a PE was considered to have an adverse event caused by medical management regardless of whether prophylaxis was provided. Third, both of the IOM quoted studies looked only at the patient complication rate rather than the total complication rate. Our patient complication rate was approximately two thirds of the total complication rate, and only half of these complications were major (Table 3) . Therefore, if we use the same definition of adverse event as these 2 studies, our approximate adverse event rate is 9% for general surgery, 9% for cardiothoracic surgery, and 11% for vascular surgery, compared with 7%, 11%, and 16%, respectively, cited by Brennan et al.
Criticism that the IOM report overestimates complication rates 5,6 is, therefore, not supported by our findings in surgical patients. Work by others [11] [12] [13] [14] [15] [16] confirms a high adverse event rate in general medical populations as well. Bates et al 14 reported an adverse event rate of 11% *Abbreviations are explained in the first footnote to Table 2 . †Calculated as the number of patients with one or more complications divided by the total number of patients with a completed data sheet (values given in Table 2 ). ‡Calculated as the total number of complications divided by the total number of patients with a completed data sheet (values given in Table 2 ). By using a broader definition of complication, the present study identifies total complication rates that exceed adverse event rates quoted by the IOM. 1 We believe the definition of adverse event used in the studies 2,4 cited in the IOM report is too narrow because it ignores minor complications. Not all errors or complications result in long-term sequelae, but they remain important. The detection of minor complications presents significant opportunities for quality improvement without the occurrence of a major adverse outcome. We believe it is important to monitor the total complication rate in addition to the patient complication rate because patients at high risk for developing one complication may be at high risk for developing multiple complications. Tracking the number of complications may allow the detection of more subtle QA problems in this sickest subset of patients.
We also believe it is important to distinguish between complications due to patient disease and those due to provider error. To our knowledge, this distinction has not been previously reported in a nonhomogeneous surgical population. Provider-and disease-related compli- cations each provide opportunities for quality improvement. Although complications may be an important marker for deficiencies in care, some complications remain unavoidable given our current cognitive and technical expertise. Thus, a patient with significant underlying physiologic derangement or multiple comorbidities may develop complications despite optimal care by current standards. Such complications must be recorded and tracked to identify priorities for research into the pathogenesis of disease and permit the development of new evidence-based therapies.
In contrast, some complications occur because of provider error. Error in this context refers to a spectrum of deficient provider or system performance. It ranges from obvious technical blunder to missed opportunities to deliver optimal care. In this study, we have referred to these as provider-related complications. An example would be a patient at increased risk for postoperative deep venous thrombosis who developed deep venous thrombosis but did not receive prophylaxis. Some complications are arbitrarily attributed to the provider. An example is a pneumothorax secondary to the placement of a central catheter. Presumably, some patients will always develop this complication, but for any given patient, it should not be an expected outcome. Therefore, regardless of preventability, it is a provider-related complication. By intentionally erring toward provider related in ambiguous cases, we feel we can maximize opportunities for improvement in care and outcomes. Our finding that approximately half of the complications are avoidable agrees well with other studies, [14] [15] [16] [17] including the IOM cited studies, 2,4 which also found technical error to be the most common error type. 3, 18 Although surgical patients had the highest rate of adverse events in the study by Brennan et al, 2 only one quarter of the adverse events were believed to be the result of negligent care. 3 They defined negligent care as substandard care and believed that it caused 51% of the observed deaths in their selected population. By comparison, only 30% of our deaths were felt to be potentially preventable because of care that was suboptimal. Substandard care was observed much less frequently.
In many instances, there are no published standards of care. Historically, this has given surgeons substantial latitude in what is considered to be appropriate clinical pathways for their patients. We believe that this contributes to the underreporting of complications and to underestimates of provider contribution. Surgeons have long recognized this tendency and have widely instituted morbidity and mortality conferences to subject individual cases to scrutiny by colleagues who are able to provide a local standard of care. The standard of care that is outlined in such conferences typically exceeds the minimum acceptable standard used to identify negligent care in the studies previously cited. Until evidence-based standards of care become widely available for the myriad surgical conditions encountered, this local standard will serve as the best measure of compliance with optimal diagnostic and therapeutic strategies.
Unfortunately, time constraints prevent surgeons from presenting most complications at the morbidity and mortality conferences. We believe that a strength of the presented method is the provision of peer review for all complications. Importantly, this review is performed concurrently, by surgeons in the same discipline, and with the attending surgeon present and able to present the full details of any extenuating circumstances. This differs from the method used in the IOM study, in which medical records were reviewed retrospectively, long after the admission, by outside evaluators without knowledge of many of the details of the case and not possessing the clinical experience of subspecialists.
We believe that regular review of complications by all services contributes to active reporting. When a group of colleagues convenes regularly to review complications, it is difficult for one or more members to fail to Our study has limitations inherent to this field of research. The definitions of complications, their sequelae, and causation were locally and somewhat arbitrarily defined. We believe it is incumbent on surgeons to develop explicit definitions of specific complications and to adopt consistent methods for tracking, adjudicating, and reporting these complications. It is our belief that surgeons should not relinquish this task to nurses or hospital administration but should take a leadership role in developing national standards. Despite the checks and balances previously mentioned, a potential limitation of this method is underreporting. We are addressing this by the placement of a QA nurse who performs functions analogous to a trauma nurse coordinator. This person will be trained in the recognition of complications and their sequelae and will monitor the patients to ensure that all adverse events are captured. This has several potential benefits. First, it reduces underreporting. Second, it allows an important opportunity to move away from merely reporting complications to reporting and tracking errors regardless of whether these result in a complication. Errors occur much more frequently than complications and provide greater opportunity for improvement in process, with consequent improvements in efficiency, outcome, and cost. Last, it provides a workable method for the assessment of an institution by an accrediting body. It will be possible for them to randomly assess patients for the completeness of data entry by the QA nurse. If this audit reveals that data entry meets defined standards, then the institution's database can be used as an accurate reflection of patient outcomes, complications, and medical error rates.
We believe that this method for surgical QA is sustainable and accurate and provides immediate feedback to the providers. It is outcome related and permits continuous performance improvement by serving the functions of problem recognition, performance monitoring, and rapid dissemination of information about improvements in outcomes. It permits some standardization of care, where outcomes deviate negatively from local standards, while allowing for differences in practice patterns, where outcomes are equivalent. It also allows rapid adoption of techniques associated with improved outcomes. The method may also answer the growing need for ways to perform an objective outcome-based assessment of the clinical component of surgeon competence.
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